1. Introduction
===============

For now, breast cancer accounts for more than 25% of cancers in women.^\[[@R1]\]^ Therefore, it is the most frequently life-threatening cancer in women and the leading cause of cancer death among women worldwide. For treatment, surgery is always the main method, in which the axillary lymph node staging is of important value for evaluating the prognosis and formulating the treatment plan. Because completion axillary lymph node dissection (cALND) may lead to complications such as upper limb lymphedema, sensory numbness, and shoulder joint activity disorder, which will affect the quality of life of the patients.^\[[@R2]\]^ Instead of that sentinel lymph node (SLN) biopsy has widely replaced cALND as routine axillary staging for patients with breast cancer with clinically negative axilla.^\[[@R3]\]^ In addition to that, the recent study, American College of Surgeons Oncology Group (ACOSOG) Z0011 trial^\[[@R4]\]^ suggested that cALND could be spared even in patients with a metastasis in SNs with sufficient adjuvant therapy including at least radiation for the patients according to the criteria (cT1-2N0M0) which could be treated with breast conserving surgery with 1 or 2 positive SNs. This new standard, now incorporated into the National Comprehensive Cancer Network\'s (NCCN) guidelines, was supported by ACOSOG Z0011 trial.^\[[@R5]\]^ Furthermore, for the European Organization for Research and Treatment of Cancer (EORTC 10981-22023 AMAROS) trial, enrolled 1425 patients with positive SLNs, there is no statistical difference between the 2 groups. One group received ALND, and the other received axillary radiotherapy only. Based on the trial, even if SLN was positive, it could be replaced by axillary radiotherapy instead of cALND.^\[[@R6]\]^ Still, The International Breast Cancer Study Group (IBCSG) 23-01^\[[@R7]\]^ trial focused on whether carrying out cALND or not will affect the survival of the patients with sentinel node micrometastasis. As a result, the experiment showed that the patients with SLN as micrometastases or isolated tumor cells did not need to be treated.

As far as we know, for approximate 50% to 65% patients, the SLN is the sole site of regional node metastasis.^\[[@R8]--[@R12]\]^ And recent new data found many patients with positive SLNs undergoing cALND, which seemed to lack non-SLN (NSLN) involvement.^\[[@R13]\]^ Therefore, if we can pick out those patients with only SLNs metastasis, it is possible to avoid unnecessary axillary lymph node dissection in this subgroup. There are a number of nomograms for predicting NSLN status in patients with positive SLNs, such as Memorial Sloan Kettering Cancer Center (MSKCC), Mayo, MD Anderson (MDA), Tenon, and Stanford.^\[[@R14]\]^ In this study, we try to identify the clinicopathologic characteristics from the patients with SLN metastasis in our hospital that may reliably predict which patients with SLN metastasis have a low likelihood of NSLN involvement^\[[@R15]\]^ and may not benefit from cALND.

2. Materials and methods
========================

2.1. Subjects
-------------

### 2.1.1. Peking Union Medical College Hospital patient series

Retrospective data of 734 consecutive patients with a primary operable lymph node negative breast cancer who underwent a SLN biopsy at the Peking Union Medical College Hospital (PUMCH) between March 2016 and December 2017 was collected from PUMCH Breast Center database. The inclusion criteria included: invasive breast cancer of cT1--T2; The axilla was considered negative by clinical examination and ultrasound (cN0); Micro- or macrometastasis of SLN by pathologic diagnosis; cALND had been performed. The exclusion criteria included: local recurrence or systemic metastasis at the initial diagnosis; inflammatory breast cancer; patients who received neo-adjuvant chemotherapy or radiotherapy; patients who received SLNB only without further cALND. Among those who received SLNB, 203 cases had SLN involvement. In consideration of patients' desire, 47 patients did not proceed to axillary clearance. As a result, 156 patients were included in our study who underwent SLN biopsy followed by cALND according to the criteria of micro- or macrometastasis in SLN biopsy. Complete data were available for patients (Fig. [1](#F1){ref-type="fig"}).

![Patient selection and collection of data for Peking Union Medical College Hospital patient series. About 203 patients with sentinel lymph node involment from the retrospective database in whom 156 meet the inclusion standard. At last 153 cases are eligible to be enrolled in the study.](medi-98-e13916-g001){#F1}

### 2.1.2. Data collection

All data were collected including age, operation, pathologic type, tumor size, tumor differentiation, estrogen receptor (ER) status, progesterone receptor (PR) status, Her-2 status, Ki-67 index, molecular subtypes, lymph-vascular invasion (LVI), multifocal, number of SLN removed, number of positive SLNs, number of negative SLNs, SLN metastasis ratio, micro- or macrometastasis of SLN, tumor position, and distance of tumor to the nipple.

2.2. Methods
------------

### 2.2.1. Location of SLN

The location of SLN was performed using a combination of indocyanine green and blue dyes. If the tumor was not resected before SLNB, indocyanine green would be injected at 4 sites intradermal on the edge of the areola with total volume of 0.4 to 0.6 mL. Then 2 mL of methylene blue dye was injected at 4 sites near to where injecting indocyanine green intradermal and subcutaneous periareola. On the other case that after tumor resection, indocyanine green and methylene blue were injected intradermal and subcutaneous respectively peritumourally near the axillary side with the same volume. Fifteen minutes of breast massage was necessary before incision. Through the fluorescence imaging instrument, we would mark the way that the indocyanine green went through the lympatic vessel to SLN on the skin. At the site, the incision would always be located at where lied at the beginning of the axillary fold.

### 2.2.2. Method of SLNB

After induction of local anesthesia in the operating room, cutting was in order following the skin, subcutaneous tissue, and plate. Intraoperative identification of SLNs was based both on blue dye and fluorescence imaging. The SLN was defined as any blue-stained node or any node with fluorescence imaging.

After SLN removal, frozen sections were performed, and the residual tissues were stained with paraffin embedded sections and stained with hematoxylin and eosin (H&E). According to the frozen pathologic result, if positive, ALND would be performed. All axillary lymph nodes (SLN and NSLN) were examined by routine H&E staining and paraffin histopathologic examination. According to both the intraoperative frozen or postoperative paraffin pathologic results, supplementary ALND was determined whether to be performed or not.

About 153 patients with adequate data who had 1 or more positive SLNs form the basis of this study.

2.3. Statistical analysis
-------------------------

Analyzed variables included binary variables (operation, ER, PR, Ki-67 index, LVI, multifocal lesion, number of SLNs removed, SLN metastasis ratio (number of positive SLNs/number of SLNs removed × 100%), micro- or macrometastasis of SLN, distance from tumor to nipple) and unordered categorical variables (patient\'s age, tumor histology, tumor size, tumor grade, Her-2 status, molecular typing of breast cancer, number of positive SLNs, number of negative SLNs, tumor location). A micrometastasis was defined as a tumor deposit ≤2 mm and macrometastasis was defined \>2 mm. The relationship between positivity of NSLNs and the predictive factors was assessed using the Chi-squared test. Factors at or close to the nominal ^a^=0:05 level in univariate analyses were entered into a stepwise logistic regression. All variables that were statistically significant in univariate analysis were used to create a multivariate model for prediction of NSLN involvement. Statistical analysis was performed with SPSS 16 software (SPSS Inc, Chicago, IL). A probability level of random difference of *P* \< .05 was considered significant. For internal validation of the model, a receiver operating characteristic (ROC) curve was drawn on the basis of the sensitivity and specificity of the SLN ratio, and the area under the curve (AUC) was calculated.

3. Results
==========

Analyses are based on the 153 patients who had SLN involvement (micro- or macrometastasis) and proceeded to cALND. The clinicopathologic characteristics in the patient series are shown in Table [1](#T1){ref-type="table"}. The median size of the tumor was 2.0 cm (range 0.2 to 7.1 cm) and the median age of the patients was 48 years (range 22--73 years). Only 1 was male. The mean number of SLNs removed per patient was 3.96 (range 1--13). However, the positive SLN was 1.5 (range 0--5), while the negative was 2.5 (range 0--10). Among those, 93 patients (93/153, 60.78%) had no further positive nodes in the axilla, but 61 (60/153, 39.22%) had additional metastasis in NSLNs upon cALND. During those patients who received cALND, the mean number of NSLNs removed per patient was 20.01 (range 4--48). While the mean number of positive NSLNs was 3.45 (range 1--16). Among those, the number of only 1 NSLN involvement patients was 23 (38.33%, 23/60), that of 2 was 18 (30.00%, 18/60), and that of 3 and above was 19 (31.67%, 19/60). The number counting for 1 to 2 SLN metastasis was 135, among those that of positive NSLNs was 48 (35.56%, 48/135). To be contrast, the number counting for SLN micrometastasis was 9 (0.2 mm \< tumor deposit \< 2 mm), but only 1 patient involved metastasis in NSLN with only 1 positive NSLN. There are 2 cases whose SLN involved isolated tumor metastasis (tumor posit ≤ 0.2 mm). Both of them have no NSLN involvement.

###### 

Clinicopathologic characteristics of 153 patients with sentinel node metastasis who proceeded to axillary clearance, and predictors of nonsentinel node metastasis.

![](medi-98-e13916-g002)

Factors influenced in NSLN metastasis are analyzed in Table [1](#T1){ref-type="table"}. With univariate analysis, NSLN metastasis was more commonly found in patients with increasing tumor size (*P* = .001; Table [1](#T1){ref-type="table"}). In addition to that the patients with NSLN metastases scored significantly higher positive SLN metastasis ratio than those without NSLN metastasis did (*P* = .001; Table [1](#T1){ref-type="table"}). The number of negative sentinel nodes was significant negative predictors (*P* = .006; Table [1](#T1){ref-type="table"}). However, there was no significant correlation between the NSLN metastasis and the factors such as age, operation, histologic type, tumor differentiation, ER status, PR status, Her-2 status, Ki-67 index, molecular subtypes, LVI, multifocal, number of SLN removed, number of positive SLNs, micro- or macrometastasis of SLN, tumor position, and distance of tumor to the nipple.

The factors with statistically significant difference (*P* \< .05) in univariate analysis were included to multivariate logistic-regression analysis. While the clinicopathologic factors related to NSLN metastasis found by Nadeem et al^\[[@R16]\]^ were also included (age, tumor size, tumor differentiation, molecular subtypes, LVI, micro- or macrometastasis of SLN). The result showed that the tumor size and SLN metastasis ratio were the independent predictive risk factors of NSLN metastasis (*P* = .006, odds ratio \[OR\] = 3.392; *P* = .007, OR = 3.514, respectively; Table [2](#T2){ref-type="table"}). To be contrast, the number of negative SLNs was the independent predictive protective factor of NSLN metastasis (*P* = .014, OR = 0.211; Table [2](#T2){ref-type="table"}).

###### 

Multivariate logistic-regression analysis testing the relationship between clinicopathologic findings and the nonsentinel lymph node metastasis.

![](medi-98-e13916-g003)

The bootstrap method corrects for overoptimism resulting from the fact that the performance of the model (AUC) was measured from the same data set as used for building the model. The bootstrap-corrected AUC for this multivariate model takes a value of 0.746 (95% confidence interval: 0.644--0.848; Fig. [2](#F2){ref-type="fig"}).

![Receiver operating characteristic curves for the patient series in Peking Union Medical College Hospital (PUMCH). When we evaluate the predictive value of the model for the patients from PUMCH, we obtain a bootstrap-corrected the area under the curve of 0.746.](medi-98-e13916-g004){#F2}

4. Discussion
=============

The SLN biopsy is evolving as the preferred technique for axillary staging in breast cancer. What is next to do when SLN is positive. In 2014, American Society of Clinical Oncology (ASCO) updated SLNB guidelines for patients with early breast cancer. What is worth our attention is that if the patients with 1 to 2 SLN metastases planning to undergo breast conserving surgery and postoperative radiotherapy do not need to undergo cALND. This recommendation comes from the clinical trial, American College of Surgeons Oncology Group (ACOSOG) Z0011.^\[[@R17]\]^ Furthermore, the International Breast Cancer Study Group (IBCSG) 23-01^\[[@R7]\]^ trial proves that those with micrometastasis or solitary tumor cells of SLNs have no need to receive cALND. In addition to that the AMAROS trial^\[[@R18]\]^ suggests that axillary radiotherapy is an alternative treatment to cALND for patients with early breast cancer with positive SLNB. Those 3 remind us cALND may not be the necessary operation for part of the patients with positive SLNB.

Moreover, let us focus on the complications from cALND. Long-term follow-up results from the National Surgical Adjuvant Breast and Bowel Project (NSABP) B32 study^\[[@R3]\]^ showed that for SLNB negative patients, further ALND did not improve the survival of the patients with breast cancer but the incidence of upper limb lymphedema in the cALND was 4 times that of the SLNB patients, significantly affecting the quality of life.

Based on those 4 clinical trials, someone try to study the relationship between the clinicopathologic features and NSLN metastases in those patients with positive SLN to reduce the incidence of complications. Kwon et al^\[[@R19]\]^ included 205 patients with invasive breast cancer with at least 1 positive SLN, followed by cALND. Multivariate logistic-regression analysis showed that macrometastasis of SLN (tumor deposit \> 2.0 mm), 2 and more SLNs metastasis, and extra-nodal metastasis were independent risk factors for NSLN metastasis.

In China\'s present clinical practice, the treatment mode from Z0011 and AMAROS trials has not been well promoted. Thus, to avoid readmissions and complications from cALND, we tried to screen those patients with low risk for positive NSLN in which cALND could safely be omitted with positive SLN. During this study, 153 patients with positive SLN have received complete axillary node dessection. Among those, 93 (93/153, 60.78%) patients had no further positive nodes in the axilla, which indicate those have no need to receive cALND in fact. Of those patients with 1 to 2 positive SLNs, the percentage of NSLN positive was accounted for 35.56% (35.56%, 48/135). Both univariate and multivariate logistic regressions showed that tumor size and SLN metastasis ratio were the independent predictive risk factors of NSLN metastasis while the number of negative SLNs was the independent predictive protective factor.

Some studies use some mathematical models to evaluate NSLN metastasis in patients with positive SLNB including 6 models such as Mayo nomograms,^\[[@R20]\]^ Memorial Sloan--Kettering Cancer Center (MSKCC),^\[[@R21]\]^ Tenon,^\[[@R22]\]^ MDA,^\[[@R23]\]^ Cambridge,^\[[@R24]\]^ and Stanford^\[[@R25]\]^ that have been the most widely validated in different countries.^\[[@R14],[@R26]--[@R28]\]^ Among all of them, SLN metastasis ratio is the independent predicting risk factor. In our study, the result was consistent with that of the literatures. In the MSKCC model, the high with the SLN metastasis ratio, the more likely NSLN was positive. In Tenon score, if the SLN metastasis rate \<0.5, the rate of positive NSLN was only 5.9%; if the SLN metastasis rate range 0.5 to 1.0, the rate of positive NSLN ascended to 34%; if the SLN metastasis rate above 1.0, the rate of positive NSLN reached to 59 actually. While in Cambridge model, the median SLN metastasis rate was 0.5 in those patients with negative NSLN. However, there is somewhat different in this study. We divided the patients in 2 groups due to SLN metastasis rate (\<100% and equal to 100%).^\[[@R29]\]^ The probability of NSLN metastasis was 33.33% (42/126) in SLN+ \<100% group. Compared with that the probability was 66.67% (18/27) in SLN+ equal to 100% group, nearly 2 times. Thus, SLN metastasis rate was the independent risk factor. In addition to that, the highlight in our study is the number of negative SLNs which was the independent protective factor for predicting NSLN involvement. This point has not been reported in those models above till now. The result of this article is that if there is no negative sentinel node, the probability of NSLN metastasis was 66.67% (18/27), while if 1 negative sentinel node, it was 32.26% (10/31) and last if ≥2 negative sentinel nodes, that of 33.68% (32/95). The more of the number of negative SLNs, the higher probability of the negative NSLNs.

In addition to that, another independent risk factor was also found. It was tumor size. Goyal et al^\[[@R30]\]^ and Noda et al^\[[@R31]\]^ also reported what we found that increasing tumor burden in the SLN was associated with additional positive nodes in the axilla. Multifocal lesions might be a contraindication for SLN biopsy because of the risk of false negative and underestimation of axillary staging due to the drainage of lesions in different regions to different lymph nodes.^\[[@R32]\]^ However, in our study, multifocal lesions had no statistical significance for predicting NSLN metastasis. The different result might be due to insufficient samples. Fortunately, the 3 variables we found to be predictive for NSLN involvement both in univariate and multivariate analyses, are commonly studied, and frequently found to be clinically relevant.

Due to the difference between MSKCC and our hospital, such as different population (whilte and yellow), age of onset (55--65 and 45--55 years), tracer for SLN (methylene blue and nuclide and methylene blue and indocyanine green) and different staining (H&E staining combined with immunohistochemistry staining vs H&E staining only), MSKCC model may be not suitable for Chinese population especially in PUMCH. The pooled AUCs for the Mayo, MSKCC, Tenon, MDA, Cambridge, and Stanford models were 0.728, 0.715, 0.720, 0.706, 0.721, and 0.688, respectively. In this study, the AUC value was 0.746 (*P* = .000), which performed as good as those models above, suggesting stable discriminative capability in Chinese population. Furthermore, the data from our own appear to be very important and suitable for Chinese population.

Although there are still some problems in SLNB, the application of SLNB for breast cancer will be more and more widely used. That how to identify those patients with low risk of NSLN involvement will become the research concern in the future, although the result of this study should be prospectively verified by enrolling more patients. The result from our study has reminded us some patients do not need further cALND indeed. But further studies should be conducted to identify more accurate way to find out lower risk patients for NSLN metastasis even when they had macrometastasis in SLN. The system should be simple enough to be applied clinically in various hospitals by employing routinely evaluable factors during surgery.

Furthermore, there are some limitations in this study. The AUC calculated from bootstrapping is just internal validation which may not be as much reliable as possible. It is better to have external validation. So next step for the study is to use another independent patient with breast cancer cohort to validate.

5. Conclusion
=============

In summary, our study shows that tumors more than 2 cm and SLN metastasis ratio are independent risk factors for NSLN metastasis in patients in case of positive SLN with early breast cancers. While the number of negative SLNs more than 2 indicates less probability for NSLN involvement. Our study also emphasizes the importance of validation before introducing our any predictive model in clinic. The further research with larger sample size will be expected to construct a more reasonable model suitable for Chinese population in the future.
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